Abstract. Based on the GCr15 SEM digital metallographic image, an efficient approach for quantitative analysis processing by Matlab software is introduced in this work, gray scale, adjusting the gray, and morphologic operation in digital image processing are used to estimate proportion of the carbide particle and to evaluate the quality of quenching and tempering heat treatment for GGr15 bearing steel. We found that the carbide particle of quenched and tempered GCr15 in bearing outer ring is less than that in the tapered roller, meaning that they will have different mechanical property in future.
Introduction
The technology of digital image processing has been widely used in various disciplines [1, 2] , such as, biomedicine, industry, aerospace, military and public security [3] and it is developing for the high resolution, high-speed, three-dimensional, and intelligent. Digital image processing is applied to the microstructure analysis can be used for the quantitative analysis of the microstructure and make the analysis more accurate, faster, convenient, and time-saving. On metallographic quantitative analysis, Metallographic image analysis system produced by Japan OLYMPUS is full-featured, fast and has accurate analysis [4] . The computer analysis software of semi-solid metal microstructure developed by Wu et al is composed of three parts: image acquisition, image recognition and the resulting output. The first step is image preprocessing, and then rheology processing according to the rheological conditions, finally the quantitative analysis and the results output [5] . Non-branch organizations crystalline solid phase computer analysis system developed by Yang conducted the analysis separated solid phase organization from the image with two thresholds, the software structure of which is divided into four modules: image database, the introduction of the metallographic image, solid phase component calculation and printout [6] . The casting material microstructure image analysis system developed by Wang is primarily through noise cancellation, distortion correction, binarization processing and image contraction process for processing, to achieve more functions, running much faster [7] . Another software developed by Li for weld microstructure parameters automatically measuring software systems can finish second phase particles, flakes and weld inclusions characteristic parameters of measurement and calculation is make of system settings, image editing, image processing, image measurement, the resulting output and the helping systems [8] . Because of the complexity of the GCr15 microstructure, its digital image processing is very difficult. The study on GCr15 bearing steel microstructure image process is still relatively small by now.
Digital image processing is applied to the quantitative analysis of material metallographic structure to open up a new and effective way for metallographic research, making the metallographic analysis process more quick and accurate, which can reduce the error range, at the same time, broadening the test items of the metallographic structure, making test results more comprehensive and objective. In this work, the target is mainly about digital image processing in metallographic quantitative analysis of the application of the objects, and the digital image processing technology is applied to GCr15 bearing steel metallographic image analysis.
The technology of digital image processing is mainly applied in this work. Based on Matlab platform, the SEM metallographic image of GCr15 bearing steel after quenching and tempering heat treatment is operated with the gray-scale morphology, expansion, corrosion, and reconstruction process and so on [9] . By extracting the carbide particles, the proportion of which to evaluate good or bad judgment on GCr15 bearing steel mechanical properties after heat treatment [10, 11] .
Specimen and Image Acquisition
The specimen of the GCr15 steel after quenching and tempering heat treatment, metallographic images are obtained by using a JSM-6700 scanning electron microscope.
Image Read, Gray, and the Image Filtering
The size of the specimen image is 1280×1024, is too big and the processing speed is slow, so it needs to be cropped, and then be grayed. Comparing mean filtering of Wiener filtering with nonlinear spatial filtering, Wiener filter is better for the specimen image, the Wiener filter is employed in this work. In order to make the edges of objects and the background gray value be significant differences, the grayscale image processing methods, partial adjustment of the grayscale of each region are used to improve the accuracy of analysis, so that the whole image gray histogram is uniform, and then transform the entire image brightness so as to achieve the effect of enhancing the edges of objects. The part of the original metallographic images and the regionalization grayscale adjustment image after Wiener filtering are show in Fig.1 and Fig.2 , respectively. 
Corrosion and Reconstruction of the Gray Image
Due to the binary image based on image morphological operations will lose a lot of edge information, the gray-scale corrosion and reconstruction operations are adopted at first. Imerode and imreconstruct function in are used to achieve corrosion and Reconstruction. We found that one times corrosion was not better, so, a number of corrosion was needed, and the effect is as shown in Fig. 3 . 
Image Binarization and Morphological Operations
There are many kinds of binarization methods, such as, the fixed threshold segmentation method, the iterative threshold segmentation method, the Ostu method, and the statistically optimal threshold method., The iterative threshold segmentation method is selected by comparison of object edges and background gray, and the apparent edges of carbide particle are shown in Fig. 4 . Because of the uneven gray value of the edge of the carbide particles, the expansion and corrosion operation of the morphology is used to realize the edge continuous and closed to avoid the edge disconnection and not closing. In addition, in the image there are a lot of small areas which are not carbide particles and also need to remove. The definition of expansion and corrosion of the binary image is as follows: where, A is the image that you want to dilate, B is the structural elements, A is dilated by B which is the set of all points z so that A has at least one element overlap. In Formula (1), B is corroded to A, which is all included in the A, B, and a collection of point z.
At first use image dilation operation, and then make the edge closed up, etching operation, and reconstruction operation step by step. The experiments show that the reconstruction effect is better than the open operation, so the reconstruction operator is selected in the computing process, there may be small areas of some object, which need to be deleted, and the method is that less than the value of an area will be deleted, the rest of the region remains unchanged. Use the function imdilate, imerode, imreconstruct, and removal of small areas of bwareaopen function to achieve this vision. However, expansion, corrosion, and removal of small areas need more repetitions. the final results of the morphological operations are shown in Fig. 5 . 
Area Fill and Computation
Seen from Fig. 5 , it could be found that there exists holes in carbide particles after morphological operations, all of holes should be filled before estimating the proportion of carbide particles, it was realized by means of imcomplement and bwlabel function within Matlab. The results are shown in Fig. 6 .
Usually the mechanical and performance of the bear depends on how much carbide proportion, here, the number of carbide particles pixels is adopted to calculate the area ratio of carbide particles, the length of two straight lines with the same number of pixels in the horizontal direction and a straight line at an angle is not the same, so each pixel is given a weight to compensate for the continuous image error. The weight value is set as shown in Fig. 7 With the weight value shown in Fig.7 , for each pixel, whose value depend on its neighborhood, if no pixels, the area is 0. if one pixel area is 1/4. two adjacent, area 1/2. if two is diagonal, area 3/4. if three, the area is 7/8. if four, area 1. To measure the mechanical properties of GCr15 heat treatment, it is necessary to select the different metallographic specimen images of the same heat treatment processing, statistical area to be occupied by the carbide particles, calculate the average, thus carried out to determine. The following table is calculated from GCr15 bearing steel after quenching heat treatment in different parts of the metallographic specimen image, the percentage of the carbide particle content can also be estimated as shown Tab.1. Two sets of bearing outer ring, the carbides' percentage of different parts of the roller, from the final statistical results in Tab.1, we could find the content of the outer carbide is less than the carbon content of the roller, and further determine its mechanical properties. 
Conclusions
Based on digital image processing technology, quantitative analysis of the microstructure in the GCr15 bearing steel after heat treatment, can achieve the rating, convenient, high accuracy, speed advantages. This work results provide a useful exploration of the quantitative analysis of extremely complex microstructure of the bearing steel. Powerful image processing toolbox in Matlab software provides great convenience to handle the photomicrograph, complete function, convenient programming, and man-machine interactive features. It can realize the metallographic effective processing and quantitative analysis of GCr15 bearing steel after quenching and tempering heat treatment. The proposed area fill method is simple, convenient, practical, and the high filling efficiency, it could be used for arbitrary closed irregular shape of the graphic fill. This work combines metallographic quantitative analysis and computer technology, theory of probability and mathematical statistics, stereology subjects closely, the digital image processing is applied to characteristic parameter extraction of materials microstructure, realize the metallographic by half quantitative change to quantitative research.
